Environmental molecular sequence surveys have opened a window on the hidden riches of the microbial biosphere. Recent genetic 'barcoding' and single-cell genomics studies have provided a snapshot of the biology of diplonemids -abundant, diverse, marine heterotrophic protists whose ecological roles are becoming clearer.
For the past decade the French research schooner Tara has served as a mobile laboratory for biologists, oceanographers, and atmospheric scientists in search of data. The mother lode came with the recently completed Tara Oceans expedition: four years, 210 sites, >35,000 water samples, and unprecedented insight into the diversity and distribution of marine plankton [1] . One surprise among many was the discovery that diplonemids, a cryptic group of heterotrophic eukaryotes presently comprising less than a dozen named species [2] , are amongst the most abundant and genetically diverse protists in the sea. Two papers in a recent issue of Current Biology -one from Flegontova et al. [3] analyzing Tara Oceans data and another from Gawryluk et al. [4] using samples taken aboard the American research vessel Western Flyer -bring our understanding of diplonemids to new depths. Together they reveal the remarkable abundance of these microbes many hundreds of meters beneath the surface of the ocean and provide a first glimpse into the structure and content of their genomes.
Diplonemids are not new to science, far from it. Discovered more than 20 years ago, they belong to the Euglenozoa, an eclectic group of heterotrophic and photosynthetic protists whose best-known members are the human pathogens Trypanosoma and Leishmania, and the common pond alga Euglena (Figure 1) [5]. The 'model' diplonemid (if we can call it that) is Diplonema papillatum, a flagellated protist whose molecular biology is amongst the most bizarre ever described.
Its mitochondrial genome comprises at least 80 small circular molecules containing gene fragments. Functional mRNAs are produced by splicing together up to 11 discrete RNA molecules and subjecting them to multiple types of editing (U-insertion, nucleotide substitution, and nucleotide deamination); not only are the mitochondrial genes in pieces, they are virtually unrecognizable in the DNA [6] . Extensive RNA editing is in fact commonplace in euglenozoans, but diplonemids have brought mitochondrial gene structure and expression to a truly absurd level of complexity.
The idea that diplonemids might be important players in the world's deep ocean biosphere emerged from environmental small subunit ribosomal RNA (SSU rRNA) gene sequence surveys [7, 8] . Phylogenetic analyses revealed the existence of multiple clades of 'deep sea pelagic diplonemids' (DSPDs), distinct from one another and from classic diplonemids such as D. papillatum. Using a so-called metabarcoding approach to explore plankton diversity, the Tara Oceans expedition initially processed samples from 47 globally distributed locations and generated 580 million DNA sequence reads derived from the hypervariable V9 region of rDNA, with an emphasis on the photic zone [9] . Diplonemid-derived metabarcodes were surprisingly abundant in samples taken from the sunlit ocean, raising new questions about the roles of diplonemids in marine environments.
Flegontova et al.
[3] set out to dig deeper. They analyzed an expanded set of samples taken from later stages of the Tara Oceans survey (850 samples taken at 123 sites), including V9 rDNA metabarcodes amplified from dozens of size-fractionated plankton communities within the mesopelagic zone, 200-1,000 m in depth. Remarkably, diplonemids represent one-fifth of the eukaryotic 'operational taxonomic units' in the dataset, ranking above metazoans and dinoflagellates (16% and 15%, respectively). Quantitative estimates based on DNA read counts suggest that diplonemids comprise almost 15% of the eukaryotic cells in the mesopelagic layer (on average), but only 1% of those in the photic zone. In phylogenetic analyses, approximately 97% of diplonemid sequences branch within the DSPD I clade (one of four currently recognized diplonemid groups) and are very similar to one another, suggestive of a recent evolutionary radiation [3] . Although no obvious biogeographical structuring was apparent, diplonemids appear stratified within the water column itself. The take-home message is clear: strange though they may be, diplonemids are widely distributed and highly abundant.
Gawryluk et al.
[4] investigated diplonemid diversity from a different, complementary perspective. They applied single-cell genomics to samples taken from depths around 100 m in the North Pacific Ocean. 92 individual, colourless, flagellated eukaryotes 10-30 mm in size were isolated and imaged using light microscopy, and their DNA subjected to 'multiple displacement amplification'. Of 40 cells whose identity could be determined by SSU rDNA
